 Different mixtures of biomass gasifying agents were compared (H 2 O+O 2 , CO 2 +H 2 O+O 2 , CO 2 +O 2 and N 2 +O 2 ).  Mixtures of dolomitic limestone and silica sand (1:1 or 1:3 by vol.) were used as fluidised bed material.  The highest fuel carbon conversion was observed for mixtures of CO 2 and H 2 O as the gasifying agent.  Use of the combination of CO 2 and H 2 O leads to a higher degree of tar decomposition.
Introduction
When a solid organic fuel is heated, it decomposes pyrolytically into three products: gases, vapourised liquids and char. A gasifying agent is required to maximise the conversion of the fuel to gas and (optionally) to provide the necessary process heat. The simplest gasification technologies use sub-stoichiometric amounts of air as the gasifying agent. Oxygen from the air oxidises the pyrolytic products while generating heat and producing CO, CO 2 and H 2 O, which are subsequently partially reacted in the process.
However, N 2 from the air dilutes the produced gas, while considerably decreasing its heating value and potential uses. [1, 2] To avoid dilution of the produced gas by nitrogen, either oxygen mixed with a moderator (typically steam) can be used as gasifying agent, or the heat can be supplied from an external source and only steam is used for gasification, as for example in the case of gasification in a dual fluidised bed reactor [3] .
Steam, during gasification, (i) reacts endothermically with char via the water-gas heterogeneous reaction (rx. 1) to produce CO and H 2 , (ii) and it also decomposes the organic pyrolytic vapours (tars) by steam reforming (rx. 2), and (iii) it shifts the thermodynamic equilibrium of the water-gas shift (WGS) reaction (rx. 3) to produce higher concentrations of CO 2 The experiments described here were performed in a spouting FB reactor shown in Fig.   1 , which is described in detail elsewhere [35] . The producer gas leaves the reactor, passes through the hot cyclone and then is sampled on-line by means of nondispersive infrared (NDIR) and thermal conductivity (TC) analysers. The gas is also sampled regularly, using gas sampling bottles connected directly to the top of the reactor (before the hot cyclone) for subsequent off-line analysis by a two-channel gas chromatograph (GC HP 6890). The tars are also sampled directly from the outlet of the reactor before entering the cyclone to prevent any possible condensation of heavy compounds. Table 2 Experimental conditions are summarised in Table 3 . Two experimental runs were performed with different mixtures of the fluidised bed materials (50% or 25% vol. of DL in SS; 1.5 L of bed material in total). During each experiment, the reactor was heated up to 500°C; then, the appropriate amount of silica sand was added to the reactor and heated to the desired temperature of 850°C by three electrical furnaces, shown in Fig. 1 . Initially, the appropriate amount of DL was added in one batch, and allowed to calcine and to heat up to 850°C. Once the desired temperature in the FB was reached, fuel dosing and gasification started with H 2 O+O 2 as the gasifying agent (second column in Table 3 ). The DL was periodically replenished to replace the attrited mass carried over from the reactor. The proper mass necessary to maintain bed height was computed from a previously published model [41] and the time interval needed to add additional bed material was short enough not to significantly alter the composition of the gas [40].
Steady state gasification proceeded for 1.5 h and then the gas and tar samples were collected for off-line analysis (the tars were collected over a 40-min period and two gas samples were collected during this period). After that, the composition of the gasifying agent was changed, the composition of the gas was allowed to stabilise and again the samples for off-line analysis were collected for each steady state described in Table 3 .
During the experiment with 50% vol. of DL in the FB, the transition states when replacing H 2 O by CO 2 were monitored by off-line gas analysis as well. The correctness of the analyses was checked by performing a C, H and O elemental balances (Fig. S2-S4 in the Supplemental Information file). 
Results and Discussion
When gasifying the wood with gasifying agent with different shares of CO 2 and H 2 O, the yield of gases generated in the reactor (Fig. 2 and Fig. 3, Table 4 ) changed mainly due to the water-gas-shift reaction (rx. 3). Namely, when gasifying with the H 2 O+O 2 mixture, a large yield of H 2 and CO 2 and low yield of H 2 O and CO were observed and vice versa when gasifying the fuel with the mixture of CO 2 +O 2 . Slight differences in the 12 producer gas composition can be observed by comparing the gasification with 50 % vol. DL in FB (Fig. 2a) and 25% vol. DL in FB (Fig. 2b) . This can be attributed to variations in effectiveness of the catalyst on the gasification due to its different concentration in the FB. A detailed insight into the yield of minor organic compounds (trace C x H y ) is depicted in supplemental information, Fig. S5 . (Fig. 4b) . The H 2 O can promote the generation of honeycomb pores on the char surface, and CO 2 can enlarge the honeycomb pores, thus facilitating entry of the gasifying agents.
[32] The carbon conversion efficiency is closely connected with cold gas efficiency reported in supplemental information file Fig. S1 . Tar compounds (produced mainly by the pyrolysis of the fuel) are decomposed through steam and dry reforming reactions (rx. 2 and rx. 5). These processes were clearly more effective when higher concentrations of DL in the FB were used. With 50% dolomitic lime in the FB (Fig. 5a) 17 when gasifying with high partial pressure of H 2 O, was more effective than the dry reforming reaction (rx. 5), which is predominant with the high CO 2 partial pressure in the reactor. The combined use of H 2 O and CO 2 in the gasifying agent led to a significant decrease in tar yield when compared to gasification with CO 2 +O 2 , but a slight increase in the yield of tars when compared to gasification with H 2 O+O 2 . The situation is different when using lower amounts of DL in the FB (Fig. 5b) . Overall, higher yields of tars were measured for all cases and the lowest tar yield was measured when CO 2 and H 2 O were used together as the gasifying agent. Therefore, in this case, the combined use of CO 2 and H 2 O in the gasifying agent had a synergistic effect on the tar reforming reactions. A detailed analysis of the tar compounds is depicted in Supplemental Information file (Table S1 ) and their yield is compared with the yield of minor organic compounds present in the gas (Fig. S5) . 6 References
